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Abstract

Studies on natural and anthropogenic radioactivity assume greater importance in the context of human

health and development. Hence  two species of seaweeds viz: Gracilaria edulis and Ulva lactuca, from

three high background radiation areas (Arockiapuram, Kadiapattinam and Kurumpanai)  on the southwest

coast of Tamil Nadu, and Mandapam as low background radiation area of the southeast coast of Tamil Nadu

were studied for variations in activity concentration of 228 Ra, 40 K, 238 U and 228 Th.  Among these

radionuclides, 40K recorded significant inter-species variation while 238 U and 228 Th showed significant

association. The overall mean concentration of radionuclides was found high in G.edulis

(5.31,57.49,36.05,356.55 Bq kg-1 for 228 Ra, 40K, 238U, 228 Th respectively), while the mean concentrations

for U.lactuca were 4.88, 42.35, 34.40, 347.70 Bqkg-1  for 228 Ra, 40K, 238U, 228 Th respectively. The mean

concentration of radionuclides was uniformly found low during northeast monsoon season in both the

seaweed species.
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Introduction

Radiation related health hazards have created greater

awareness not only among the scientific community but also among

the general public due to the deleterious impact on people. Among

the many causes, a greater proportion of the radiation occurs through

natural causes. Thomas et al.(2005) quoting UNSCEAR (2000)

report  stated the fact that the worldwide researches have confirmed

that approximately 85% of the radiation exposure to human come

from the natural sources. They further opined that the natural

radioactivity arises mainly from primordial radionuclides such as 40

K, 232 Th and 239 U series, which occur at trace levels in all ground

formations. Though radiation occurs in the natural environment

through the primordial radionuclides as well as cosmic exposure,

the anthropogenic causes of radiation occupy the centre of human

attention because of devastating past experiences through nuclear

war, disaster of nuclear installations, nuclear testing, etc. For instance,

raised radiation levels have been found in the samples of milk and

spinach collected from the north west of the nuclear power plant

devastated due to Tsunami in Japan in March, 2011.

Earlier studies on radionuclides and their transit into biota

brought to light the fact that the use of chemical fertilizers in soil

increases the concentration of radionuclides into the plant system

and vegetables. The soils and vegetables collected from both

cultivated and uncultivated agricultural land in Turkey showed the
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presence of   210 Po and 210Pb radionuclides and the concentrations

of radionuclides varied considerably not only among the food crops

but also within the plant system itself (Ekdal et al., 2006). Radioactivity

in food crops from the high background radiation areas in

Kanyakumari district of southwest India indicated higher levels than

in the food crops at low background radiation areas (Shanthi et al.,

2009). Similar studies conducted by Shukla et al. (1994) estimated

the varied concentrations of natural and fallout radionuclides in milk

and diet samples in Bombay besides the average ingestion dose of

radionuclides by the people in the study area. Studies conducted in

Rio de Janeiro observed the radionuclide intake through the

consumption of bean, wheat flour, carrot, rice, tomato and potato

(Santos et al., 2002). It is to be noted that a large number of studies

have  focused on estimating the activity concentrations of

radionuclides on the life support systems like soil, water, flora and

fauna because of their positive relation to human life (Jibiri et al.,

2007; Shanthi et al., 2009). It is generally understood that the 238U

and 232Th are the two naturally occurring radioactive elements and

these isotopes are the heaviest naturally occurring radionuclides

(Anon, 2000). Locational variation in uranium and thorium

concentrations in water and soil samples collected from the State of

Punjab in India was observed and these radionuclides transferred

to water and plants from soil and then to humans through ingestion

routes (Bajwa et al., 2003).

Besides the natural occurrence of radionuclides, the

anthropogenic radionuclides reach the soil by dispersion. The

intensity of the processes of soil sorption/desorption, migration,

retention and translocation are influenced by the nature of the given

radionuclide, the type of soil and crops grown on it, and the climatic

conditions (Bikit et al., 2005). The terrestrial based natural as well

as anthropogenic radioactive impacts contribute to the accumulation

of radionuclides in the water bodies.  Due to terrestrial water run off,

the radionuclides from the land get transmitted to the oceans and

thus making them the reservoirs of radionuclides. Certain types of

marine algae are observed as bio-regulators by absorbing the

radionuclides from the marine water.  Hence, they are routinely

used as indicators of the levels of radioactivity present in the marine

environment for environmental monitoring, oceanographic and

biological uptake studies (Outola et al., 2008). The biosorbent

capability of Ulva species was studied and observed that the Ulva

seaweed species is a good biosorbent for removing heavy metals

from the marine water (Yoshihiro et al., 2005).  Increasing human

activity results in proportionate increase in the marine pollution

affecting the flora and fauna in the marine eco-system.  Hence, the

present study was undertaken to estimate the activity concentrations

of radionuclides such as 228 Ra, 228 Th, 238 U and 40 K in the

seaweeds Gracilaria edulis and Ulva lactuca from selected locations

of the Tamil Nadu coast, India.

Saroja  et al.

Materials and Methods

The present study was undertaken in four locations viz:

Kurumpanai, Kadiapattinam, Arockiapuram and Mandapam (Fig.1)

on the coast of Tamil Nadu, India.  Of this, Kurumpanai, Kadiapattinam

and Arockiapuram are the coastal villages and rich in monazite

deposits.  Mandapam is located on the coast of Ramanathapuram

and is considered as low level natural radiation area. The state of

Tamil Nadu extends between the 8º 04’N latitude and 78º 0’E

longtitude. Two major seaweeds viz: Gracilaria edulis (red)  and

Ulva lactuca (green) were selected for analysing  variations of

radionuclides such as 228 Ra, 238 U, 228 Th and 40 K .

Sufficient quantities (1 kg) of two seaweeds were collected

from each location every month from January to December, 2009

(48 x 3 samples for G. edulis and 48 x 3 samples for U.lactuca).

Each sample was washed individually in tap water thrice to remove

the sand and other epiphytes and finally the samples were washed

with distilled water.  The moisture content was wiped out using soft

cotton cloth and then the fresh weight was measured. The seaweed

samples were allowed to dry in air under shadow. Further, they

were dried using hot air oven at 110 oC.  The dried samples were

heated in silica crucibles at 590 oC using muffle furnace for 6 hrs to

obtain dry ash.

Fig. 1: Study area and sample collection locations of Tamil Nadu coast, India.
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Estimation of radionuclides  228 Ra, 238 U, 228 Th and 40 K:   The

concentrations of 228 Ra, 238 U, 228 Th and 40 K (gamma emitting

radioisotopes) were estimated from the gamma spectrum.  The

gamma spectrum of each sample was obtained by counting gamma

activity of the samples ash on 48 x 48 mm NaI (Tl) detector attached

to the spectrometer and Multi Channel Analyser (MCA).  The period

of counting was 5000 sec.  The standardization of the detector was

done by placing 60 Co and 137 Cs sources in NaI (Tl) detector

enclosed in a lead chamber using NETSWIN software operations.

The activity concentrations were calculated from the photopeaks at

1764 KeV of 214 Bi, 2614.5 KeV of 208 Tl,   1419 KeV and   885.65

KeV for 238 U, 228 Th, 40 K and 228 Ra, respectively.

Statistical analysis and presentation of data: Data pertaining

to the four locations viz: Kurumpanai, Kadiapattinam, Arockiapuram,

and Mandapam were presented as means ±SD (n = 12) by

applying one- way analysis of variance (ANOVA). Subgroup multiple

comparison in terms of mean variation was done using post hoc

Bonferroni technique. Inter-species mean variation was studied

using independent sample t-test. The statistical analysis was done

using SPSS package.

Results and Discussion

Monthly variation in radionuclide concentration: The activity

concentration of 228 Ra, 40 K, 238 U and 228 Th showed a uniform

Fig. 2: Monthly average variations of 228 Ra in U.lactuca and G.edulis collected from all the four sampling sites

Fig. 3: Monthly average variations of 40 K in U.lactuca and G.edulis collected from all the four sampling sites
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Fig. 5 Monthly average variations of 228 Th in U.lactuca and G.edulis collected from all the four sampling sites

variation pattern during different months.  The observed pattern of

variation was also found proportional between G. edulis and U.

lactuca. Upward trend in the activity concentration was found in the

month of April and the downward trend was observed in the month

of October for both the seaweed species.  The nature of monthly

variations of activity concentrations of radionuclides is given in Fig.2-

5. Activity concentration of 228 Ra was comparatively found more in

G.edulis from April to August while it was found closer to U.lactuca

during the remaining months of the year (Fig.2). However, 40 K was

uniformly found higher in G.edulis than U.lactuca  in all the months

(Fig.3). 238U showed more or less uniform levels of activity

concentration between species from January to December except

for the months June, August and September (Fig.4). However, 228

Th showed a phenomenal inter-species variation only in August

and September (Fig.5).

Seasonal variation: Changes in the atmosphere due to climatic

and other geo-physical factors effect varied levels of change not

only in the physiological formations but also in the biological systems

at large.  Hence, every living organism becomes accustomed by

subjecting itself to the extraneous forces. The naturally occurring

radionuclides are subjected to seasonal variation in proportion to

the changes in climatic and other factors. Soma Giri et al. (2007)

studied the distribution of radionuclides in hydrosphere at Bagjata,

in the state of Jharkand during premonsoon and monsoon seasons.

They observed that the dilution following the monsoon has a

dominant role in deciding the fate of radionuclides in the surface

water system and reported the concentration of U(nat) in surface

water varied from <0.5-10.5 mg m-3 in the month of June

(premonsoon), while it varied from 0.5-1.1 mg m-3 in the month of

September (monsoon).  The seasonal variations in the activity
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Fig. 4: Monthly average variations of 238 U in U.lactuca and G.edulis collected from all the four sampling sites
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concentrations of radionuclides is presented in Table 1 and  2.

The monthly observations were regrouped into four distinct

seasons (southwest monsoon, post southwest monsoon, northeast

monsoon and post northeast monsoon) to study the absolute

seasonal variation in both the seaweed species. Activity

concentrations of radionuclides in G. edulis showed high statistically

significant seasonal variation.  228Ra, 40K, 238U and 228Th recorded

the P values of 0.0005, 0.001, 0.003, 0.003, respectively indicating

the fact that the observed variation is significant at 0.05 level.

Moreover, the post hoc Bonferroni multiple comparison among

the seasons indicates the fact that 228Ra in G. edulis showed

uniform variation among all the seasons while 40K in the same

species recorded significant variation only between southwest

and post southwest monsoon seasons, and southwest and

northeast monsoon seasons. 238 U in G. edulis also recorded

significant variation between southwest and northeast monsoon

seasons (P= 0.047), post southwest and post northeast monsoon

seasons (P = 0.038) and post southwest and northeast monsoon

seasons (P = 0.017). 228 Th has shown significant seasonal

variation in G.edulis only between post southwest and northeast

monsoon season (P = 0.008) and post southwest and post

northeast monsoon seasons (P= 0.037).

Activity concentrations of radionuclides in the seaweed

species U.lactuca recorded slightly at a low edge compared to G.

edulis.  For instance, 228 Ra in U. lactuca has not recorded statistically

significant variation between different seasons.  238 U in the seaweed

has recorded significant variation between southwest and post

northeast monsoon season (P=0.022). southwest and northeast

monsoon season (P=0.020) and post southwest and north east

monsoon season (P=0.018).  40 K in U. lactuca showed significant

seasonal variation between southwest monsoon season and post

southwest monsoon seasons (P= 0.047) and southwest and

northeast monsoon seasons (P= 0.0005).  Similarly, 228 Th in U.

lactuca recorded significant seasonal variation between post

southwest monsoon season and northeast monsoon seasons (P=

0.008), between post southwest and post northeast monsoon

seasons (P= 0.037).

Table- 2: Seasonal average radionuclide concentrations (Bq kg-1fresh weight) in U. lactuca

Season 228 Ra 40 K 238 U 228 Th

Southwest monsoon(SWM) 5.74 ± 2.86* 57.35 ± 19.63 43.21 ± 17.62 429.67 ± 180.10

Post southwest monsoon (PSWM) 6.03 ± 3.18 44.48 ± 15.66 43.44 ± 17.53 410.42 ± 137.09

Northeast monsoon (NEM) 3.73 ± 1.46 32.54 ± 10.00 25.37 ± 9.05 273.74 ± 67.09

Post northeast mon soon (PNEM) 4.03 ± 2.09 35.03 ± 11.58 25.59 ± 9.69 276.96 ± 98.90

Value are mean of three replicates ± SD; SWM- May to July; PSWM-August to October; NEM-November to January; PNEM-February to April

Table- 1: Seasonal average radionuclide concentrations (Bq kg-1fresh weight) in G. edulis

Season 228 Ra 40 K 238 U 228 Th

Southwest monsoon (SWM) 7.37 ± 3.21 70.85 ± 13.00 45.55 ± 18.01 420.10 ± 130.78

Post southwest monsoon (PSWM) 6.37 ± 2.71 55.53 ± 16.74 48.30  ± 28.51 474.33 ± 240.23

Northeast monsoon (NEM) 3.63 ± 1.01 46.28 ± 12.04 24.07 ± 12.21 247.32 ± 115.38

Post northeast monsoon(PNEM) 3.86 ± 1.31 57.28 ± 11.54 26.30 ± 11.37 284.44 ± 127.41

Value are mean of three replicates ± SD; SWM- May to July; PSWM-August to October; NEM-November to January; PNEM-February to April

Table- 3: Mean activity concentration (Bq kg-1fresh weight) of radionuclides in G.edulis (GE) and U.lactuca (UL) collected from different sampling locations

Location Species 228Ra 40 K 238 U 228 Th

Arockiapuram GE 7.27± 2.97 46.94±17.48 23.16±13.04 235.29±130.61

UL 3.81± 1.37 49.57±15.68 21.11±5.51 229.34±48.51

Kadiapattinam GE 4.72±2.30 66.63±15.53 25.96±11.09 266.23±100.56

UL 5.99±1.93 27.70±9.05 32.79±10.53 319.29±77.54

Kurumpanai GE 5.00±1.70 66.79±8.82 58.14±26.93 537.33±220.02

UL 7.06±3.12 49.77±23.77 43.09±18.15 459.92±173.48

Mandapam GE 4.24±1.33 49.58±8.00 36.96±9.71 387.35±73.35

UL 2.68±1.01 42.36±5.88 40.62±18.72 382.24±137.49

All locations GE 5.31±2.72 57.49±15.78 36.05±21.30 356.55±182.68

UL 4.88±2.62 42.35±17.30 34.40±16.34 347.70±143.97

Value are mean of three replicates ± SD
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Locational variation: Location as an independent factor reveals

not only the nature of transmission of radionuclides but also their

stability and desorption levels as affected by bio-physiological

composition of the specific geographic area. Soil features, geological

formations and humans activities related to radiation and radioactivity

are important factors enhancing the background levels of natural

radiation (Ibrahim et al., 2008). Kanyakumari district is a naturally

high background radiation area with the monazite content in the soil

varying from 0.3 to 6% and the average annual effective dose is

reported up to 20 mSvyr-1 (Shanthi et al., 2010). The variations in

activity concentration of radionuclides of soil samples from 24 different

sites of normal natural background radiation areas of India were

attributed to the different levels of concentrations of radioactive

elements in the geological formations (Sadasivan et al., 2003).In

the present study a significant variation in the activity concentrations

of radionuclides in different locations and between the two species

were observed.The observed mean activity concentrations of

radionuclides are presented in Table 3. Mean variations with

standard deviations depict the heterogeneity of factors proving the

inherent variations of activity concentrations in different locations.

Liesel Hardege (2004) who presented the findings of Australian

Radiation Protection and Nuclear Safety Agency on the activity

concentrations of radionuclides in marine sediment samples observed

that 40 K ranged between 200 – 470 Bq kg-1 and 228 Ra, 228 Th and
238 U in sediment samples recorded highest locational variations as

20 – 300 Bq Kg-1, 20 – 310 Bq kg-1, 20 – 130  Bq kg-1 respectively.

 The one-way ANOVA used for testing the mean variations

in the activity concentrations of radionuclides in different locations

showed significant locational variations for both the seaweed species.

Among the studied radionuclides in G. edulis 228 Ra, 40 K, 238 U and
228 Th recorded highly significant mean variations among different

locations with the P values of 0.026, 0.0005, 0.0005, 0.0005

respectively. Similar highest significant locational variation was also

observed in U. lactuca.

However, the post hoc Bonferroni multiple comparison of

mean variations showed that 228 Ra varied significantly between

Arockiapuram and Manapam (P = 0.032) in the case of G. edulis,

while 228 Ra significantly varied between Arockiapuram and

Kurumpanai (P= 0.002), Kadiapattinam and Mandapam (P= 0.001)

and Kurumpanai and Mandapam ( P = 0.0005) in U.lactuca.

Another striking feature was that 40 K recorded a multi-lateral locational

variation in G. edulis with the following observation that

Arockiapuram and Kadiapattinam (P = 0.004), Arockiapuram and

Kurumpanai (P = 0.004), Kadiapattinam and Mandapam (P= 0.016)

and Kurumpanai and Mandapam ( P = 0.015).  In the case of U.

lactuca, 40 K showed significant variation only between Arockiapuram

and Kadiapattinam (P= 0.006), and Kurumpanai and Kadiapattinam

(P= 0.006).  238 U was found varying significantly in different locations

for G.edulis than for U. lactuca.  238 U for G. edulis showed variation

between locations such as Arockiapuram and Kurumpanai (P=

0.0005), Kadiapattinam and Kurumpanai (P= 0.0005), and

Kurumpanai and Mandapam (P= 0.020). The variation for U. lactuca

was significant between Arockiapuram and Kurumpanai (P= 0.003)

and Arockiapuram and Mandapam (P= 0.010). For 228 Th, the

inter-location variation for G.edulis was observed between

Arockiapuram and Kurumpanai (P= 0.0005), and Kadiapattinam

and Kurumpanai (P= 0.0005). However, 228 Th in U. lactuca showed

larger locational variation between Arockiapuram and Kurumpanai

(P= 0.0005), Arockiapuram and Mandapam (P= 0.010) and

Kadiapattinam and Kurumpanai (P= 0.037).

The sampling locations were regrouped on the basis of

high background radiation areas and low background radiation

areas to compare the regional variation in radioactivity.

Arockiapuram, Kadiapattinam and Kurumpanai were grouped as

high background radiation area and Mandapam was considered

as low background radiation area.  The independent sample t-test

between high and low background radiation regions revealed the

fact that 228 Ra and 40 K showed significant regional variation in G.

edulis while 238 U and 228 Th did not record significant variation

between high and low background radiation regions.In the case of

U. lactuca only 228 Ra showed variation (P=0.0005) between high

and low background regions while the other radionuclides did not

show significant variation.

Observation showed differential rates of variation levels

and also association between radionuclides.  These radionuclides

are found to be highly influenced by seasons. The uniform peak

observed from April to October demonstrates the seasonal influence

of the radionuclides in the seaweeds.
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